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V) (54) Title: HIGH PRESSURE LIFT VALVE FOR USE IN SEMICONDUCTOR PROCESSING ENVIRONMENT 

(57) Abstract: A gate valve (10) includes a plate (14), a seal (24), and a housing (12). The housing includes a passageway (16) 
and a sealing surface (10). The plate is coupled to the housing. The seal is coupled to the plate. In operati n, the plate occupies 
a position selectable between a sealed position and a retracted position. In the sealed position, the seal seals the plate against the 
£^ sealing surface. In the retracted position, the plate does not occupy the passageway, which provides free ingress and egress through 
P*" the passageway. In moving between the sealed posiu* n and the retracted positi n, the plate translates but does not rotate. 
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HIGH PRESSURE LIFT VALVE FOR USE IN SEMI CONDUCTOR PROCESSING ENVIRONMENT 

RELAXED APPMCATONS 

This application claims priority from U.S. Provisional Patent Application No. 
60/178,304 filed on Jan. 26, 2000, which is incorporated by reference. 



FIELD OF THE IN 

This invention relates to the field of gate valves. More particularly, this 
invention relates to the field of gates valves intended for use in a clean environment. 



BACKGROUND OF THE 1NV] 

Typically, a loading port of a pressure vessel uses an external door for sealing 
the loading port One or more mechanical fasteners hold the external door to the 
pressure vessel causing the external door to form a seal with the pressure vessel. 
Typically, the mechanical fasteners are chosen from the group including quick release 
clamps, external self-locking ring clamps, and bolts. The pressure vessel employing 
the external door with the mechanical fasteners poses at least two problems for a 
semiconductor wafer fab. The first problem is that the mechanical fasteners generate 
more particulate matter than is allowable in the semiconductor wafer fab. The second 
problem is that fastening and unfastening the mechanical fasteners requires excessive 
time for sealing the pressure vessel. The excessive time leads to inefficient 
automation of the semiconductor wafer fab. 

What is needed is a method of sealing a loading port of a pressure vessel 
which does not use external fasteners. 

What is needed is a method of sealing a loading port of a pressure vessel 
which produces less particulate matter. 

What is needed is a method of sealing a loading port of a pressure vessel 
which results in less time for opening and closing the pressure vessel. 
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SUMMARY OF THE TNVRNTTOM 

The present invention is a gate valve. The gate valve includes a plate, a seal, 
and a housing. The housing includes a passageway and a sealing surface. The plate is 
coupled to the housing. The seal is coupled to the plate. In operation, the plate 
occupies a position selectable between a sealed position and a retracted position. In 
the sealed position, the seal seals the plate to the sealing surface. In the retracted 
position, the plate does not occupy the passageway, which provides free ingress and 
egress through the passageway. In moving between the sealed position and the 
retracted position, the plate translates but does not rotate. 

BR FRF INS CRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the preferred gate valve of the present invention. 

FIG. 2 illustrates the preferred gate valve of the present invention incorporated 
as part of a supercritical processing chamber for a semiconductor wafer. 

FIGS. 3 A and 3B illustrates an alternative gate valve of the present invention 
incorporates as part of an alternative supercritical processing chamber for the 
semiconductor wafer. 

DETAILED DESCRIPTI ON OF THE PREFERRED EMBODIMENT 

The present invention is a gate valve intended for use in a semiconductor 
processing environment where there is a need for sealing a high pressure from a low 
pressure and where there is a need to maint ain a clean environment 

The preferred gate valve of the present invention is illustrated in FIG. 1 . The 
preferred gate valve 10 includes a housing 12 and a plate 14. Preferably, the housing 
includes a passageway 16, a plate shaft 18, and a sealing surface 20. The plate 14 
preferably includes an o-ring groove 22 for an o-ring 24. Alternatively, the o-ring 
groove 22 is part of the sealing surface 20 of the housing 12. Further alternatively, the 
o-ring 24 is replaced by any polymeric seal or other seal appropriate for repeated 
sealing. 

In a sealed position 26, the plate 14 rests against the sealing surface 20. In a 
retracted position 28, the plate 14 allows free passage through the passageway 16. In 
moving between the sealed position 26 and the retracted position 28, the plate 14 
translates but does not rotate. Since the plate 14 does not rotate, particle generation is 
minimized which is highly advantageous for the clean environment especially the 
semiconductor processing environment 

The preferred gate valve 1 0 of the present invention is further illustrated in 
FIG. 2, which shows the preferred gate valve 10 incorporated as part of a supercritical 
processing chamber 30. The supercritical processing chamber 30 includes the housing 
12, the plate 14, the passageway 16, the plate shaft 18, the sealing surface 20, a 
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pressure cylinder 32, a gas handling configuration 34, and a wafer processing cavity 
36. The pressure cylinder 32 preferably includes a piston 38, a cylinder shaft 40, and 
a return spring 42. The piston 38 is coupled to the cylinder shaft 40 at an outer 
diameter of the piston 38 where a piston seal (not shown) seals the piston 38 to the 
cylinder shaft 40. The piston 38 is also coi^pled to the plate 14 by a first rod 39. The 
return spring 42 is coupled to the piston 38 and a cylinder bottom 44. The gas 
handling configuration 34 includes an inlet/outlet port 46 and first and second valves, 
48 and 50. The first valve 48 couples the inlet/outlet port 46 to the pressure cylinder 
32. The second valve couples the inlet/outlet port 46 to the wafer processing cavity 
36. 

Initially, the plate 14 begins in the retracted position 28 and the first and 
second valves, 48 and 50, begin in a closed configuration, hi operation, the 
semiconductor wafer 52 is inserted into the wafer processing cavity 36 by a robot (not 
shown). Alternatively, the semiconductor wafer 52 is manually inserted into the 
wafer processing cavity 36. Next, the first valve 48 is opened causing the plate 14 to 
translate to the sealed position 26. Following this, the second valve 50 is opened. 
This pressurizes the wafer processing cavity 36 and causes the plate 14 to seal against 
the sealing surface 20. The semiconductor wafer 36 is then processed, preferably 
using supercritical carbon dioxide. After processing, the wafer processing cavity 36 
and the cylinder 32 are depressurized causing the plate 14 to translate to the retracted 
position 28. The semiconductor wafer 36 is then removed from the wafer processing 
cavity 36. 

It will be readily apparent to one skilled in the art that the preferred gate valve 
10 is appropriate for high pressure processing which is below supercritical conditions. 
Thus, the preferred gate valve 10 is appropriate for any application separating a high 
pressure from a low pressure. Further, it will be readily apparent to one skilled in the 
art that the pressure cylinder 32 can be replaced by an alternative actuating device 
such as an electric motor or another device which electromagnetically induces a force. 

An alternative pressure chamber incorporating an alternative gate valve of the 
present invention is illustrated in FIGS. 3A and 3B. The alternative pressure chamber 
30A includes the alternative gate valve 1 OA and an alternative wafer processing cavity 
36A. The alternative gate valve 10A includes an alternative housing 12A, an 
alternative plate 14A, an alternative sealing surface 22A, and second and third rods, 
60 and 62. In operation, the first and second rods, 60 and 62, pull the alternative plate 
14A against the alternative sealing surface 22A and then the alternative wafer 
processing cavity is pressurized. After processing, the alternative wafer processing 
cavity is depressurized and the alternative plate is pushed away from the alternative 
sealing surface 22A. 
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It will be readily apparent to one skilled in the art that other various 
modifications may be made to the preferred embodiment without departing from the 
spirit and scope of the invention as defined by the appended claims. 



( 
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CLAIMS 



I claim: 



1. A gate valve comprising: 

a. a plate; 

b. means for sealing coupled to die plate; and 

c. a housing comprising a passageway and a sealing surface 
around the passageway, the plate coupled to the housing such that in 
operation the plate occupies a position selectable between a sealed 
position, where the means for sealing seals the plate against the sealing 
surface, and a retracted position, where the plate does not occupy the 
passageway, and further such that in operation the plate translates 
between the sealed position and the retracted position without rotation 
of the plate. 

2. The gate valve of claim 1 wherein the means for sealing comprises an 
o-ring. 

3. The gate valve of claim 1 further comprising a plate shaft, wherein in 
operation the plate translates through the plate shaft between the retracted 
position and the sealed position. 

4. The gate valve of claim 3 wherein the passageway comprises a first 
rectangular cross-section and further wherein the plate shaft comprises a 
second rectangular cross-section. 

5. The gate valve of claim 4 wherein the plate comprises a rectangular 
shape sized to translate through the plate shaft 

6. The gate valve of claim 5 wherein the first cross-section of the 
passageway comprises sufficient space for free travel of a semiconductor 
substrate and a substrate handling mechanism. 

7. The gate valve of claim 1 further comprising means for moving the 
plate between the sealed position and the retracted position. 

8. The gate valve of claim 7 wherein the means for moving the plate 
comprise a pair of rods configured to pull the plate against the sealing surface 



-5- 



for positioning the plate in the sealed position, configured to push the plate 
away from the sealing surface for the plate in the retracted p sition, and 
configured to allow access through the passageway by a workpiece for the 
plate in the retracted position. 

The gate valve of claim 7 wherein the means for moving the plate 
comprises a rod configured to push the plate against the sealing surface for 
positioning the plate in the sealed position and configured to pull the plate 
away from the sealing surface for positioning the plate in the retracted 
position. 

The gate valve of claim 9 wherein the means for moving the plate 
comprises a pressure cylinder and further wherein the pressure cylinder is 
actuated to push the plate against the sealing surface. 

The gate valve of claim 10 wherein the plate seals a processing cavity 
from atmosphere and further wherein a processing fluid sequentially 
pressurizes the pressure cylinder then pressurizes the processing cavity. 

The gate valve of claim 10 wherein the means for moving the plate 
comprises a spring for returning the plate to the retracted position. 

The gate valve of claim 7 wherein the means for moving the plate 
comprises a pressure cylinder. 

The gate valve of claim 7 wherein the means for moving the plate 
comprises a spring. 

The gate valve of claim 7 wherein the means for moving the plate 
comprises an electric motor. 

The gate valve of claim 7 wherein the means for moving the plate 
utilizes an electromagnetically induced force. 

A gate valve comprising: 
a. a plate; 

b- means for sealing coupled to the plate; 

c » a pressure cylinder coupled to the plate; 
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<L a housing comprising a passageway and a sealing surface 

around die passageway, the pressure cylinder coupled to the housing 
such that in operation the pressure cylinder positions the plate in a 
position selectable between a sealed position, where die means for 
sealing seals the plate against the sealing surface, and a retracted 
position, where the plate does not occupy the passageway, and further 
such that in operation the pressure cylinder translates the plate between 
the sealed position and the retracted position without rotation of the 
plate; and 

e. means for actuating the pressure cylinder comprising a 

processing fluid such that in operation the processing fluid sequentially 
pressurizes the pressure cylinder to position the plate in the sealed 
position and then pressurizes a processing cavity. 

18. A method of sealing a workpiece entrance to a high pressure 
processing cavity comprising the steps of: 

a. translating a plate without rotation from a retracted position 
through to a sealing position; 

b. pressing the plate in the sealing position to a sealing surface 
encircling the workpiece entrance; and 

c. pressurizing the high pressure processing cavity. 

1 9. The method of claim 1 8 wherein the steps of translating the plate and 
pressing the plate comprise pressurizing a pressure cylinder with a processing 
gas and further wherein the step of pressurizing the high pressure processing 
cavity comprises pressurizing the high pressure cavity with the processing gas. 
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